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Objective: Late results after traditional methods of repair of congenitally corrected
transposition of the great arteries are poor. The combined arterial switch and
Senning (double switch) operation may improve outcomes by using the morpho-
logically left ventricle and mitral valve in the systemic circulation. In this report we
review patient selection and intermediate results after the double switch operation
for congenitally corrected transposition of the great arteries.
Methods: Since 1993, a total of 35 patients with congenitally corrected transposition
of the great arteries with two ventricles of adequate size and no valvular pulmonary
stenosis were potential candidates for a double switch operation. Eleven were not
yet in need of further treatment, and 1 died during evaluation. The remaining 23
patients were entered into a protocol leading to anatomic repair. Their hospital
records were reviewed, and follow-up data were obtained to evaluate early and
intermediate outcomes.
Results: The 23 patients were candidates for anatomic repair because of right
ventricular dysfunction or tricuspid regurgitation (n 15) or associated uncorrected
defects (n  8). Pulmonary artery banding was performed in a total of 15 patients,
either for left ventricular retraining (n  11) or for congestive heart failure (n  4).
In 2 patients, aged 12 and 14 years, retraining was unsuccessful because of left
ventricular dysfunction. Four patients with banding are currently awaiting repair.
Eight patients proceeded to undergo double switch operations without preliminary
pulmonary artery banding. To date, 17 patients have undergone double switch
operations, with no early or late mortality. One patient required cardiac transplan-
tation for progressive left ventricular failure after a preliminary banding and double
switch operation done at 7 years of age. Ventricular function and tricuspid regur-
gitation remained stable or improved in all other cases. No patient has surgically
acquired arrhythmias or significant residual hemodynamic conditions. All patients are
alive and clinically well at a mean follow-up of 36 months (range 1 month-8 years).
Conclusions: Congenitally corrected transposition of the great arteries with a normal
pulmonary valve and two adequate ventricles can be managed with combined
arterial switch and Senning operation with excellent intermediate results. Recondi-
tioning the left ventricle may not be suitable for older patients. Late follow-up will
be necessary to determine whether this management strategy provides a survival
advantage for these patients.
Congenitally corrected transposition of the great arteries (CCTGA) isa complex congenital heart defect characterized by the presence ofboth atrioventricular and ventriculoarterial discordance. Althoughthis arrangement allows for a normal circulation in the absence ofother defects, associated cardiovascular anomalies require treat-ment in most cases. The lesions most commonly associated with
CCTGA include ventricular septal defect (VSD), pulmonary stenosis or atresia,
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tricuspid valve abnormalities, conduction disturbances, and
single ventricle.1,2 Although the survival of patients with
CCTGA is dictated largely by the associated defects, life
expectancy is diminished for patients even with the isolated
form of the condition.3-7 Dysfunction of the systemic (mor-
phologically right) ventricle or systemic atrioventricular
(tricuspid) valve tends to develop and worsen with time,
which may lead to significant morbidity and mortality.8 The
traditional surgical approaches to the treatment of patients
with CCTGA have addressed the associated defects, either
alone or in combination, while maintaining the morpholog-
ically right ventricle and tricuspid valve in the systemic
circulation. The high late mortality associated with this
approach has stimulated a number of groups to propose a
more anatomic repair on the basis of the hypothesis that the
establishment of atrioventricular and ventriculoarterial con-
cordance would improve the long-term survival of patients
with this anomaly.9-16 We have adopted this policy of ana-
tomic repair for suitable candidates at our center. In this
report we review patient selection and intermediate results
after the combined arterial switch and Senning (double
switch) operation for the subgroup of patients with CCTGA
who have two ventricles suitable for biventricular repair and
a normal pulmonary valve.
Methods
Patient Selection
Since 1993, when the first double switch operation was performed
at C.S. Mott Children’s Hospital, University of Michigan Health
System, we have evaluated 35 patients with CCTGA with two
ventricles of adequate size and no valvular pulmonary stenosis
who were judged to be potential candidates for a double switch
operation (Figure 1). For the purposes of this report, patients with
pulmonary atresia or otherwise unsuitable pulmonary valves for an
arterial switch were excluded from review to allow for analysis of
a more homogeneous group. Although the indications for anatomic
repair have evolved with increasing experience during the time
frame of this study, we have generally recommended the double
switch operation for patients with CCTGA who have associated
defects requiring repair and for those patients with right ventricular
dysfunction or systemic atrioventricular valve regurgitation. Ear-
lier in our experience, those patients with nonrestrictive VSDs
underwent pulmonary artery banding to protect the pulmonary
vasculature and control symptoms of congestive heart failure be-
fore anatomic repair. Currently, pulmonary artery banding is per-
formed only when other significant associated risk factors, such as
prematurity, are present. For those patients with an unprepared left
ventricle, the double switch procedure was performed after a
preliminary pulmonary artery banding procedure to recondition the
left ventricle.
At the time of referral, 11 patients were either clinically well
without significant hemodynamic issues (n  3), were under
Figure 1. Fates of all 35 patients evaluated for anatomic repair.
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consideration for anatomic repair because of right ventricular
dysfunction or tricuspid regurgitation but were not yet considered
to require definitive treatment (n  1), or were considered to be
beyond an optimal age for left ventricular retraining (n  7). One
additional patient died at home during evaluation. Analysis of the
remaining 23 patients provides the basis for this report. After
approval by the institutional review board at the University of
Michigan, the hospital records of all 23 patients were retrospec-
tively reviewed, and follow-up data were obtained through clinic
notes and contact with the patients, their families, or the treating
cardiologists. Statistical analysis was performed with the SAS 8.1
software package (SAS Institute, Inc, Cary, NC). Preoperative and
postoperative hemodynamic values were compared with the Wil-
coxon signed-rank test.
Surgical Technique
Pulmonary artery banding. When preliminary pulmonary
artery banding was performed to recondition the left ventricle, the
main pulmonary trunk was exposed through an upper midline
sternotomy approach. Under direct pressure monitoring and trans-
esophageal echocardiographic guidance, the band was applied to
achieve a left ventricular pressure of approximately half to two
thirds of systemic levels. Because of the high degree of variability
among these patients, optimal band tightness was not always
achieved on the first effort and was often limited by the onset of
left ventricular dysfunction. An effort was made to tighten the
band sufficiently so that the interventricular septum moved to a
midline position if possible. In a few cases a percutaneously
adjustable band was placed by encircling the pulmonary artery
trunk with a silicone elastomer tube that was left long enough to
reach the subcutaneous tissue of the anterior chest wall. Subse-
quent band adjustments were then performed by exposing the band
on the chest wall in the operating room. The left ventricle was
considered adequately prepared for anatomic repair when its pres-
sure was at least 80% of that in the right ventricle with normal
ventricular function. Bands placed for palliation in patients with a
nonrestrictive VSD were adjusted to lower the distal pulmonary
pressure to half systemic level or less.
Anatomic repair: The double switch operation. The double
switch operation was performed under standard bicaval cardiopul-
monary bypass with moderate hypothermia (25°C) and cold blood
cardioplegia. The arterial switch was accomplished first with per-
formance of the LeCompte maneuver and standard transfer of the
coronary arteries. The pulmonary artery band was removed if
present, and the pulmonary artery was divided at that site. A
modified Senning procedure was performed in all cases, even
when dextrocardia with situs solitus was present. The interatrial
groove was widely dissected, and the mobilized atrial septum was
augmented or replaced with a polytetrafluoroethylene patch.* The
pulmonary venous pathway was routinely augmented with either
autologous or heterograft (bovine) pericardium (Sulzer Carbomed-
ics Inc, Austin, Tex). VSD closure was performed with sutures
placed on the morphologically right ventricular side of the septum.
Results
Twenty-three patients were entered into a protocol leading
to anatomic repair because of right ventricular dysfunction
or tricuspid regurgitation (n 15) or associated uncorrected
defects (n  8). To date, 17 patients have undergone a
double switch operation (Table 1). Eight patients, ranging in
age from 6 weeks to 5 years and all but 1 with nonrestrictive
VSDs, progressed directly to the double switch procedure
without pulmonary artery banding. Five of these patients
had varying degrees of subpulmonic obstruction. This ob-
struction was clinically significant in 4 cases, and resection
of muscular or fibrous tissue was possible in these patients.
Six of the patients underwent the double switch procedure
as a primary intervention. The youngest patient in this series
(Table 1, case 9) underwent the double switch procedure at
6 weeks of age. She had significant right ventricular outflow
tract obstruction and required placement of a conduit be-
tween the right ventricle and the pulmonary artery. She has
required two subsequent conduit changes at the ages of 6
months and 1 year. The remaining 2 patients who did not
require banding had undergone other operations before the
double switch procedure. One patient (case 6) had under-
gone repair of a discrete aortic coarctation. The second
patient (case 13) had undergone repair of interrupted aortic
arch, VSD closure, and a modified DeVega tricuspid annu-
loplasty at another institution. This resulted in severe tri-
cuspid stenosis with suprasystemic left ventricular pressure.
At the time of the double switch procedure, the tricuspid
annuloplasty suture was removed, with no additional val-
vuloplasty required.
Pulmonary artery banding was performed as initial pal-
liation in 15 patients for the purpose of left ventricular
retraining (n  11, age range 2 months-14 years, median
age 1 year) or to control congestive heart failure from
excessive pulmonary blood flow (n  4, age range 2
weeks-2 months, median age 3 weeks). Among the 11
patients who underwent banding to recondition the left
ventricle, the 2 oldest patients (aged 12 and 14 years) had
failure of banding as a result of left ventricular dysfunction
and required removal of the band. These patients were then
considered to no longer be candidates for the double switch
procedure. Four patients with banding are currently await-
ing definitive repair, and 9 have proceeded to undergo the
double switch procedure, with a median interval of 2
months (range 8 days-5 months) between the two proce-
dures.
Median age at time of the double switch procedure for all
patients was 7 months (range 6 weeks-7 years). There has
been no early or late mortality, although 1 patient (Table 1,
case 8) who underwent preparatory pulmonary artery band-
ing followed by anatomic repair at the age of 7 years
required cardiac transplantation for progressive left ventric-
ular failure. That patient underwent banding at an older age,
*Gore-Tex surgical membrane, registered trademark of W. L. Gore & Associ-
ates, Inc, Flagstaff, Ariz.
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and although morphologically left ventricular pressure in-
creased to systemic levels by 2 months after the band and a
double switch procedure was successfully performed, trans-
plantation was ultimately required for severe left ventricular
diastolic dysfunction. Two patients (Table 1, cases 11 and
12) required a brief period of extracorporeal membrane
oxygenation (ECMO) support after repair, one of whom
(case 11) also required ECMO support before the double
switch procedure. The other patient (case 12) had an un-
eventful early postoperative course but sustained a respira-
tory arrest after extubation and required a short period of
ECMO support after resuscitation.
A comparison was made with Doppler echocardiography
between preoperative hemodynamic values and those at
discharge. Right and left ventricular function as well as
tricuspid valve regurgitation ultimately remained stable or
improved in all patients, with the exception of the patient
who required transplantation (Table 2). Among the 9 pa-
tients with moderate to severe tricuspid valve regurgitation
before anatomic repair, all had improvement to either no
regurgitation or mild regurgitation. According to the stan-
dard 5-point echocardiographic scale of severity, tricuspid
valve regurgitation was found to improve from a median
preoperative score of 3 to a median postoperative score of
1 (P  .001). A trend suggesting postoperative improve-
ment in right ventricular function was noted, although this
did not reach statistical significance (P  .06). All patients
are alive and clinically well at a mean follow-up of 36
months (range 1 month-8 years). Although 4 patients had
preexisting heart block, no patients have had surgically
acquired arrhythmias or significant residual hemodynamic
conditions after the double switch procedure.
Discussion
The optimal management of patients with CCTGA remains
controversial. A number of studies have confirmed that life
expectancy is substantially diminished even for patients
who reach adulthood.17,18 The most common cause of death
is congestive heart failure secondary to morphologically
right (systemic) ventricular dysfunction, often associated
TABLE 1. Patient profiles for 17 patients undergoing the double switch procedure
Patient Age (y) Weight (kg) Anatomy Previous operations Additional procedures
1 3.5 4.8 SLL, VSD, Ebstein anomaly, mild
subpulmonary stenosis
None VSD closure
2 5.5 17.1 SLL, VSD, Ebstein anomaly,
subpulmonary stenosis
None VSD closure, subpulmonary
stenosis resection
3 4 13.6 SLL, restrictive VSD, Ebstein
anomaly
PA band None
4 0.3 4.9 SLL, VSD, CoA PA band, CoA
repair
VSD closure
5 0.3 6.1 SLL, IVS, Ebstein anomaly, CoA PA band, CoA
repair
None
6 3.5 12.2 SLL, VSD, Ebstein anomaly, CoA CoA repair VSD closure
7 0.4 4.8 SLL, VSD, subpulmonary
stenosis, straddling MV
None VSD closure, subpulmonary
stenosis resection
8 7 16.4 SLL, VSD, Ebstein anomaly,
subpulmonary stenosis
VSD closure, PA
band*
Subpulmonary stenosis
resection
9 0.1 3.3 SLL, VSD, Ebstein anomaly,
severe subaortic stenosis
None Right ventricle-PA conduit,
VSD closure
10 0.3 6 SLL, VSD None VSD closure
11 0.17 4.1 SLL, IVS, Ebstein anomaly PA band, ECMO* None
12 0.8 8.8 SLL, VSD, subpulmonary
stenosis
None VSD closure, subpulmonary
stenosis resection
13 3 13 SLL, VSD, Ebstein anomaly, IAA,
subaortic stenosis
IAA repair, VSD
closure, tricuspid
valvuloplasty
Subaortic stenosis
resection
14 1.5 9.1 SLL, IVS PA band None
15 0.4 5 SLL, restrictive VSD, Ebstein
anomaly, dextrocardia
PA band VSD closure
16 0.5 3.9 SLL, restrictive VSD, Ebstein
anomaly
PA band VSD closure
17 0.75 7.3 SLL, VSD PA band VSD closure
SLL, Segmental anatomy characterized by situs solitus, levolooped ventricles, and levotransposition of the great arteries; PA, pulmonary artery; CoA,
coarctation of aorta; IVS, intact ventricular septum; IAA, interrupted aortic arch.
*Procedures performed in two separate operations.
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with regurgitation of the tricuspid valve. Most patients are
seen in early childhood with symptoms related to associated
defects, however, and a decision must be made at that time
whether to proceed with a traditional or an anatomic repair.
Recent reports from several major centers have provided
late follow-up data on patients with CCTGA undergoing
traditional repair aimed at correcting the associated de-
fects.19-21 Although early mortality was acceptable in these
reports, continued attrition was significant, and overall sur-
vival at 10 years was surprisingly low at 60% to 70%.
Tricuspid valve regurgitation, generally related to a malfor-
mation similar to that seen in Ebstein anomaly, is common
after traditional repair and may become worse as a result of
a shift in the ventricular septum toward the left ventricle
when left ventricular pressure is lowered. Although tricus-
pid regurgitation has been addressed by replacement of the
systemic atrioventricular valve, this procedure is often un-
successful in preventing or reversing right ventricular dys-
function.22
Anatomic repair of CCTGA by the double switch oper-
ation has the appealing theoretic advantage of placing the
morphologically left ventricle and mitral valve in the sys-
temic circulation, thus relieving the hemodynamic burden
on the right ventricle and tricuspid valve. In this study
echocardiographic indices of right ventricular and tricuspid
valve function remained stable or improved in all patients
after anatomic repair, even among those with significant
preoperative tricuspid valve regurgitation, thereby giving
credence to this hypothesis. Additionally, many of the pa-
tients with significant tricuspid regurgitation demonstrated
substantial improvement after pulmonary artery banding
alone, supporting the notion that a shift in the position of the
septum into the left ventricle causes or accentuates tricuspid
valve regurgitation. As left ventricular pressure increases
after banding, the septum shifts back toward the right ven-
tricle, and tricuspid regurgitation improves. Several groups
have reported excellent early results after the double switch
procedure, bringing this procedure into the mainstream.9-16
Still, long-term data are lacking, and early enthusiasm must
be tempered with careful and objective follow-up. Of note,
one study failed to demonstrate any superiority of anatomic
repair relative to traditional repair with respect to exercise
testing.23
The large experience after atrial repairs for patients with
dextrotransposition of the great arteries has emphasized the
development of atrial arrhythmias and baffle obstruction as
important late complications of these procedures.24,25 Al-
though neither of these problems has yet been seen in our
series, it is well documented that the prevalence of atrial
arrhythmias in particular increases with longer follow-up
and that pacemaker therapy will ultimately be required for a
significant percentage of these patients. It is not unreason-
able to expect, however, that the management of atrial
arrhythmias, particularly with modern pacing techniques,
will be preferable to that of right ventricular failure and
tricuspid regurgitation in patients with CCTGA.
Pulmonary stenosis occurs frequently in CCTGA. Al-
though we excluded patients with pulmonary atresia or
other types of significant pulmonary and subpulmonary
stenosis from this analysis, several of our patients had mild
TABLE 2. Right ventricular function and tricuspid valve regurgitation before and after anatomic repair
Patient
Right ventricular function Tricuspid regurgitation
Preoperative Postoperative Preoperative Postoperative
1 Good Good 3 None
2 Good Good 1-2 1
3 Mildly decreased Good 4 1-2
4 Good Good None None
5 Good Good None None
6 Good Good 4 Trace
7 Good Good 1 1
8 Mildly decreased Mildly decreased 3 1
9 Good Good 1 1
10 Good Good 1 1
11 Moderately
decreased
Good 4 2
12 Good Good 1 None
13 Good Good 3 1
14 Severely
decreased
Mildly decreased 3 1
15 Good Good 3 2
16 Mildly decreased Good 4 2
17 Moderately
decreased
Good 1 1
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degrees of subpulmonic obstruction. Anderson and col-
leagues26 observed that the nature of subpulmonic obstruc-
tion in these patients is commonly related to muscle bundles
or fibrous tissue. In our experience, mild subpulmonic ob-
struction was not a contraindication to anatomic repair
because it could generally be easily resected or, if especially
mild, left alone.
Many of the patients in this series were older and were
seen because of right ventricular failure, usually with tri-
cuspid valve regurgitation and often without associated
defects. As would be expected in such cases, the left ven-
tricle was physiologically unprepared to sustain systemic
pressure and resistance, and a period of reconditioning was
required. Although pulmonary artery banding appears to be
capable of providing adequate left ventricular training when
done at an early age, it was not always suitable for older
patients. In our series the 2 patients who had failure of this
procedure underwent banding at an older age (12 and 14
years), and it is perhaps not surprising that banding was
unsuccessful. Furthermore, another patient undergoing pul-
monary artery banding at 7 years of age followed by ana-
tomic repair subsequently required cardiac transplantation
because of progressive left ventricular failure. Although the
left ventricle in this patient was capable of eventually gen-
erating systemic pressure after banding, diastolic dysfunc-
tion limited the effectiveness of anatomic repair. It is well
known that the mature myocardium is able to respond to an
increase in afterload stress by hypertrophy, but true hyper-
plasia may no longer be possible. The inability to respond to
pulmonary artery banding with hyperplasia and neovascular
angiogenesis will ultimately limit the use of this procedure
in older patients. The age after which the left ventricle can
no longer appropriately respond to attempts at retraining
cannot be determined in this small patient group, but there
seems little doubt that the older patients fared worse.
Clinical Inferences
Selection of patients likely to benefit from anatomic repair
has evolved with increasing experience. In our center, all
patients requiring repair for associated defects now undergo
a double switch repair when anatomically suitable. This
includes those patients with isolated VSD. When the pul-
monary valve is unsuitable for an arterial switch, anatomic
repair by combined Senning and Rastelli procedures is
preferred. Those patients who have significant right ventric-
ular dysfunction or tricuspid regurgitation develop are eval-
uated for left ventricular retraining in preparation for the
double switch procedure. Because the natural history of
tricuspid regurgitation has been shown to be particularly
poor, symptom-free younger patients with this condition are
now strongly considered for banding and the double switch
procedure even when right ventricular function remains
well preserved. This may be particularly important to ac-
complish before older age precludes this approach. Older
children and adults with an unprepared left ventricle are
poor candidates for anatomic repair because of the inability
to recondition the left ventricle, and cardiac transplantation
should be considered if right ventricular dysfunction
progresses in these patients.
In summary, anatomic repair with a combined Senning
and arterial switch operation can be performed with accept-
ably low morbidity and mortality in patients with CCTGA
with two adequate ventricles and a normal pulmonary valve.
Early to intermediate follow-up has demonstrated preserva-
tion or improvement in right ventricular and tricuspid valve
function. However, longer follow-up will be needed to
determine whether this management strategy provides a
survival advantage for these patients.
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Discussion
Dr Roger B. B. Mee (Cleveland, Ohio). The Ann Arbor group
have presented, in a typically straightforward fashion, their 10-
year experience of 17 double switch procedures in a relatively
young group of patients, with a mean age of 21 months at the time
of surgery. This sample was culled from a cohort of 23 patients for
whom intention to perform the double switch procedure was a
commitment. Devaney and colleagues also included 12 other pa-
tients who were assessed but for various reasons have had no
current surgical commitment. Among those 17 patients undergoing
the double switch procedure there was no early mortality, but there
were either 2 or 3 near misses—although I may have misinter-
preted that from the article—with 2 patients requiring ECMO and
1 patient who has had a late heart transplant for left ventricular
failure. After the double switch procedure, right ventricular dys-
function and tricuspid regurgitation regressed, as observed in other
series.
I want to focus my questions on the areas of clinical concern;
namely, those patients requiring retraining of the left ventricle, the
pulmonary artery banding protocol and your philosophy on the
interval between pulmonary artery band and the double switch
procedure, the late left ventricular function in the 7 retrained and
double-switched patients, and a discussion of the near misses and
how they fit into this.
1. At pulmonary artery band for retraining, the stated intention
in the article was to achieve a left ventricular pressure of
half to two thirds of systemic pressure and to move the
interventricular septum toward the midline position. Please
expand on what parameters were used to determine that the
pulmonary artery band was too tight. How often was very
early left ventricular dysfunction, by which I mean that
within 24 to 48 hours, identified, and how was that man-
aged?
2. Do you in retrospect believe that the interval between pul-
monary artery banding and the double switch procedure
(mean 3 months, range 8 days-5 months) was just right, or
was it possibly too short?
3. What is the actual late left ventricular function in the 6 of 7
patients with retraining pulmonary artery band who com-
pleted the double switch procedure and did not require
subsequent heart transplantation? In your article the late left
ventricular function is stated to be stable. Could you elab-
orate?
4. Of the 2 or 3 near misses—and please correct me on
that—how many were patients who underwent left ventric-
ular retraining, and what is their late left ventricular func-
tion?
Dr Devaney. To answer the first question, about how we know
how tight the pulmonary artery band is, we really rely on the use
of the intraoperative transesophageal echocardiography. In many
cases we are able to identify a shift of the septum toward the
midline when the band is optimally tightened. Really, we push it to
tolerance. If we can tighten the band as much as 80%, which is
possible in some of the younger patients, then we do that.
How do we know if it is too tight? First, echocardiographically,
left ventricular function worsens. We can see that clearly, that the
left ventricle appears to be struggling. We can make this identifi-
cation rather quickly in the operating room. In addition, systemic
blood pressures tend to decrease, again a sign of left ventricular
failure. I think that these assessments can generally be made in the
operating room.
Although on the one hand I have said that we try to be
aggressive, we also have used the silicone elastomer snare on
many occasions where we thought that the left ventricle might be
getting into trouble. In those cases we did back off and were a little
more conservative, and use of this percutaneous snare really fa-
cilitated later readjustment.
Dr Mee. Can I interrupt you there just for a second? You
described what you do in the operating room, but in our experience
you may get out of the operating room looking very good, but by
next morning or halfway throughout night the left ventricle is
beginning to show dysfunction. I think it is equivalent to someone
starting a sprint looking good at the starting line but not so good at
the finishing line. Have you any comments on that? And if you get
left ventricular dysfunction the next morning, what do you do?
Dr Devaney. In this series we have not had any problems that
have been similar to that. Either we have identified problems in the
operating room or, by and large, patients have done well. We really
have not noticed problems with early left ventricular dysfunction.
The second question was regarding the banding interval. I think
that we can rely on a lot of experience that we have in terms of
conditioning the left ventricle for dextrotransposition of the great
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arteries. There are a lot of good data showing that in younger
patients we can do rapid two-stage procedures, and the banding
interval is on the order of 1 to 2 weeks. I think that for our younger
patients that is generally what we have tried to do, and we have
been able to do it successfully.
I certainly think that when you get into the older patients you
cannot do that. You may be right that our banding interval may be too
short. With respect to the 2 patients who had failure of left ventricular
retraining, I should point out that they actually were given multiple
chances and were followed up through several months’ time with
several readjustments performed. So we actually did try to give them
a good opportunity. I think that you are right, however, that with the
patients that are really borderline you would not want to err in the
direction of too short of a banding interval.
You commented on the 2 patients who required ECMO. Those
patients actually did not require ECMO primarily for cardiac
support. It was not for left ventricular failure. Both patients actu-
ally had sustained respiratory arrests after the operation. Although
it is hard to pinpoint, these events seem to have been related more
to recent extubation and excessive sedation. After resuscitation,
however, these patients did require a short period of ECMO
support.
With respect to your last question, the late left ventricular
function was good. We said that it was stable, meaning that really
we have not had any patients who have had bad left ventricular
failure.
Mr Marc R. de Leval (London, United Kingdom). I congrat-
ulate you on your superb results. I am surprised to hear that your
decision making while banding the pulmonary artery for retraining
is still based on the shift of the septum or simple measurement of
left ventricular pressures.
For several years we have used pressure-volume loops during
the procedure. The patients first go to the cardiac catheter labora-
tory before surgery to have a conductance catheter placed in the
left ventricle for recording of the pressure-volume loops during the
banding. I disagree with your suggestion to band as tightly as
possible. If you do so, you damage the ventricle. It is actually
sometimes necessary to band in two stages.
With regard to transplantation, I suggest that some patients with
severe tricuspid valve regurgitation and poor right ventricular
function can sometimes benefit from banding of the pulmonary
artery. Two years ago we performed (in two stages) banding in a
55-year-old patient who was on the transplantation list. A year
later she had mild tricuspid valve regurgitation and only mildly
impaired right ventricular function.
Dr Devaney. I completely agree that the use of a conductance
catheter and more sophisticated techniques certainly would benefit
us when dealing with the patients that are borderline, meaning that
they are slightly older and we are trying to figure out the correct
banding tightness. We have no clinical experience at our center
with the conductance catheter, but it sounds like a really outstand-
ing idea.
With respect to your subsequent question, though, I was a little
confused about exactly what you were asking. The 1 patient who
underwent transplantation did undergo left ventricular retraining,
and we considered the left ventricle to be fairly well conditioned.
The ventricle was able to generate systemic pressures without
apparent difficulty. The main problem was that severe diastolic
dysfunction developed. I do not think that we understand diastolic
dysfunction well enough at a molecular level to know really how
to deal with it.
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